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Preface

About This Book

This book is part of a multivolume work entitled the AMDG64 Architecture Programmer’s Manual. This
table lists each volume and its order number.

Title Order No.
Volume 1: Application Programming 24592
Volume 2: System Programming 24593
Volume 3: General-Purpose and System Instructions 24594
Volume 4: 128-Bit Media Instructions 26568
Volume 5: 64-Bit Media and x87 Floating-Point Instructions 26569

Audience

This volume (Volume 3) is intended for all programmers writing application or system software for a
processor that implements the AMDG64 architecture. Descriptions of general-purpose instructions
assume an understanding of the application-level programming topics described in Volume 1.
Descriptions of system instructions assume an understanding of the system-level programming topics
described in Volume 2.

Organization

Volumes 3, 4, and 5 describe the AMD64 architecture’s instruction set in detail. Together, they cover
each instruction’s mnemonic syntax, opcodes, functions, affected flags, and possible exceptions.

The AMD64 instruction set is divided into five subsets:
* General-purpose instructions

e System instructions

e 128-bit media instructions

*  64-bit media instructions

* x87 floating-point instructions
Several instructions belong to—and are described identically in—multiple instruction subsets.

This volume describes the general-purpose and system instructions. The index at the end cross-
references topics within this volume. For other topics relating to the AMD64 architecture, and for

Preface XV
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information on instructions in other subsets, see the tables of contents and indexes of the other
volumes.

Definitions

Many of the following definitions assume an in-depth knowledge of the legacy x86 architecture. See
“Related Documents™ on page xxvi for descriptions of the legacy x86 architecture.

Terms and Notation

In addition to the notation described below, “Opcode-Syntax Notation” on page 339 describes notation
relating specifically to opcodes.

1011b
A binary value—in this example, a 4-bit value.

FOEAh

A hexadecimal value—in this example a 2-byte value.

[1.2)
A range that includes the left-most value (in this case, 1) but excludes the right-most value (in this
case, 2).

7-4
A bit range, from bit 7 to 4, inclusive. The high-order bit is shown first.

128-bit media instructions

Instructions that use the 128-bit XMM registers. These are a combination of the SSE and SSE2
instruction sets.

64-bit media instructions

Instructions that use the 64-bit MMX registers. These are primarily a combination of MMX™ and
3DNow!™ jnstruction sets, with some additional instructions from the SSE and SSE2 instruction
sets.

16-bit mode
Legacy mode or compatibility mode in which a 16-bit address size is active. See legacy mode and
compatibility mode.

32-bit mode

Legacy mode or compatibility mode in which a 32-bit address size is active. See legacy mode and
compatibility mode.

Xvi Preface
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64-bit mode
A submode of long mode. In 64-bit mode, the default address size is 64 bits and new features, such
as register extensions, are supported for system and application software.

#GP(0)
Notation indicating a general-protection exception (#GP) with error code of 0.

absolute
Said of a displacement that references the base of a code segment rather than an instruction pointer.
Contrast with relative.

biased exponent
The sum of a floating-point value’s exponent and a constant bias for a particular floating-point data
type. The bias makes the range of the biased exponent always positive, which allows reciprocation
without overflow.

byte
Eight bits.

clear
To write a bit value of 0. Compare set.

compatibility mode
A submode of long mode. In compatibility mode, the default address size is 32 bits, and legacy 16-
bit and 32-bit applications run without modification.

commit
To irreversibly write, in program order, an instruction’s result to software-visible storage, such as a
register (including flags), the data cache, an internal write buffer, or memory.

CPL
Current privilege level.

CRO-CR4

A register range, from register CRO through CR4, inclusive, with the low-order register first.

CRO.PE=1
Notation indicating that the PE bit of the CRO register has a value of 1.

direct

Referencing a memory location whose address is included in the instruction’s syntax as an
immediate operand. The address may be an absolute or relative address. Compare indirect.

dirty data

Data held in the processor’s caches or internal buffers that is more recent than the copy held in
main memory.

Preface XVii
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displacement

A signed value that is added to the base of a segment (absolute addressing) or an instruction pointer
(relative addressing). Same as offset.

doubleword

Two words, or four bytes, or 32 bits.

double quadword
Eight words, or 16 bytes, or 128 bits. Also called octword.

DS:rSl

The contents of a memory location whose segment address is in the DS register and whose offset
relative to that segment is in the rSI register.

EFER.LME =0
Notation indicating that the LME bit of the EFER register has a value of 0.

effective address size

The address size for the current instruction after accounting for the default address size and any
address-size override prefix.

effective operand size

The operand size for the current instruction after accounting for the default operand size and any
operand-size override prefix.

element
See vector.

exception

An abnormal condition that occurs as the result of executing an instruction. The processor’s
response to an exception depends on the type of the exception. For all exceptions except 128-bit
media SIMD floating-point exceptions and x87 floating-point exceptions, control is transferred to
the handler (or service routine) for that exception, as defined by the exception’s vector. For
floating-point exceptions defined by the IEEE 754 standard, there are both masked and unmasked
responses. When unmasked, the exception handler is called, and when masked, a default response
is provided instead of calling the handler.

FF /0

Notation indicating that FF is the first byte of an opcode, and a subopcode in the ModR/M byte has
a value of 0.

flush

An often ambiguous term meaning (1) writeback, if modified, and invalidate, as in “flush the cache
line,” or (2) invalidate, as in “flush the pipeline,” or (3) change a value, as in “flush to zero.”

xviii Preface
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GDT
Global descriptor table.

IDT
Interrupt descriptor table.

IGN
Ignore. Field is ignored.

indirect

Referencing a memory location whose address is in a register or other memory location. The
address may be an absolute or relative address. Compare direct.

IRB

The virtual-8086 mode interrupt-redirection bitmap.

IST
The long-mode interrupt-stack table.

IVT
The real-address mode interrupt-vector table.

LDT

Local descriptor table.

legacy x86

The legacy x86 architecture. See “Related Documents™ on page xxvi for descriptions of the legacy
x86 architecture.

legacy mode

An operating mode of the AMD64 architecture in which existing 16-bit and 32-bit applications and
operating systems run without modification. A processor implementation of the AMDG64
architecture can run in either long mode or legacy mode. Legacy mode has three submodes, real
mode, protected mode, and virtual-8086 mode.

long mode

An operating mode unique to the AMDG64 architecture. A processor implementation of the
AMDG64 architecture can run in either long mode or legacy mode. Long mode has two submodes,
64-bit mode and compatibility mode.

Isb
Least-significant bit.

LSB
Least-significant byte.

Preface Xix
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main memory

Physical memory, such as RAM and ROM (but not cache memory) that is installed in a particular
computer system.

mask

(1) A control bit that prevents the occurrence of a floating-point exception from invoking an
exception-handling routine. (2) A field of bits used for a control purpose.

MBZ

Must be zero. If software attempts to set an MBZ bit to 1, a general-protection exception (#GP)
occurs.

memory
Unless otherwise specified, main memory.

ModRM

A byte following an instruction opcode that specifies address calculation based on mode (Mod),
register (R), and memory (M) variables.

moffset
A 16, 32, or 64-bit offset that specifies a memory operand directly, without using a ModRM or SIB
byte.

msb
Most-significant bit.

MSB
Most-significant byte.

multimedia instructions
A combination of 128-bit media instructions and 64-bit media instructions.

octword
Same as double quadword.

offset
Same as displacement.

overflow

The condition in which a floating-point number is larger in magnitude than the largest, finite,
positive or negative number that can be represented in the data-type format being used.

packed
See vector.
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PAE
Physical-address extensions.

physical memory
Actual memory, consisting of main memory and cache.

probe

A check for an address in a processor’s caches or internal buffers. External probes originate
outside the processor, and internal probes originate within the processor.

protected mode
A submode of legacy mode.

quadword
Four words, or eight bytes, or 64 bits.

RAZ
Read as zero (0), regardless of what is written.

real-address mode
See real mode.

real mode
A short name for real-address mode, a submode of legacy mode.

relative

Referencing with a displacement (also called offset) from an instruction pointer rather than the
base of a code segment. Contrast with absolute.

reserved
Fields marked as reserved may be used at some future time.

To preserve compatibility with future processors, reserved fields require special handling when
read or written by software.

Reserved fields may be further qualified as MBZ, RAZ, SBZ or IGN (see definitions).

Software must not depend on the state of a reserved field, nor upon the ability of such fields to
return to a previously written state.

If areserved field is not marked with one of the above qualifiers, software must not change the state
of that field; it must reload that field with the same values returned from a prior read.

REX
An instruction prefix that specifies a 64-bit operand size and provides access to additional
registers.

RIP-relative addressing
Addressing relative to the 64-bit RIP instruction pointer.

Preface XXi
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set
To write a bit value of 1. Compare clear.

SIB
A byte following an instruction opcode that specifies address calculation based on scale (S), index

(I), and base (B).
SIMD
Single instruction, multiple data. See vector.

SSE
Streaming SIMD extensions instruction set. See 128-bit media instructions and 64-bit media
instructions.

SSE2
Extensions to the SSE instruction set. See 128-bit media instructions and 64-bit media
instructions.

SSE3
Further extensions to the SSE instruction set. See 128-bit media instructions.

sticky bit
A bit that is set or cleared by hardware and that remains in that state until explicitly changed by
software.

TOP
The x87 top-of-stack pointer.

TPR
Task-priority register (CR8).

TSS
Task-state segment.

underflow

The condition in which a floating-point number is smaller in magnitude than the smallest nonzero,
positive or negative number that can be represented in the data-type format being used.

vector

(1) A set of integer or floating-point values, called elements, that are packed into a single operand.
Most of the 128-bit and 64-bit media instructions use vectors as operands. Vectors are also called
packed or SIMD (single-instruction multiple-data) operands.

(2) An index into an interrupt descriptor table (IDT), used to access exception handlers. Compare
exception.
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virtual-8086 mode
A submode of legacy mode.

word
Two bytes, or 16 bits.

x86
See legacy x86.

Registers

In the following list of registers, the names are used to refer either to a given register or to the contents
of that register:

AH-DH
The high 8-bit AH, BH, CH, and DH registers. Compare AL-DL.

AL-DL
The low 8-bit AL, BL, CL, and DL registers. Compare AH-DH.

AL-r15B

The low 8-bit AL, BL, CL, DL, SIL, DIL, BPL, SPL, and R8B—R15B registers, available in 64-bit
mode.

BP
Base pointer register.

CRn
Control register number n.

CS

Code segment register.

eAX—-eSP

The 16-bit AX, BX, CX, DX, DI, SI, BP, and SP registers or the 32-bit EAX, EBX, ECX, EDX,
EDI, ESI, EBP, and ESP registers. Compare rAX—rSP.

EFER
Extended features enable register.

eFLAGS
16-bit or 32-bit flags register. Compare rFLAGS.

EFLAGS
32-bit (extended) flags register.
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elP
16-bit or 32-bit instruction-pointer register. Compare riP.

EIP
32-bit (extended) instruction-pointer register.

FLAGS
16-bit flags register.

GDTR
Global descriptor table register.

GPRs

General-purpose registers. For the 16-bit data size, these are AX, BX, CX, DX, DI, SI, BP, and SP.
For the 32-bit data size, these are EAX, EBX, ECX, EDX, EDI, ESI, EBP, and ESP. For the 64-bit
data size, these include RAX, RBX, RCX, RDX, RDI, RSI, RBP, RSP, and R8-R15.

IDTR
Interrupt descriptor table register.

IP
16-bit instruction-pointer register.

LDTR
Local descriptor table register.

MSR
Model-specific register.

r8-rl5

The 8-bit RSB-R15B registers, or the 16-bit REW-R15W registers, or the 32-bit RSD-R15D
registers, or the 64-bit R§—R15 registers.

rAX-rSP
The 16-bit AX, BX, CX, DX, DI, SI, BP, and SP registers, or the 32-bit EAX, EBX, ECX, EDX,
EDI, ESI, EBP, and ESP registers, or the 64-bit RAX, RBX, RCX, RDX, RDI, RSI, RBP, and RSP
registers. Replace the placeholder r with nothing for 16-bit size, “E” for 32-bit size, or “R” for 64-
bit size.

RAX
64-bit version of the EAX register.

RBP
64-bit version of the EBP register.
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RBX
64-bit version of the EBX register.

RCX
64-bit version of the ECX register.

RDI
64-bit version of the EDI register.

RDX
64-bit version of the EDX register.

rFLAGS
16-bit, 32-bit, or 64-bit flags register. Compare RFLAGS.

RFLAGS
64-bit flags register. Compare rFLAGS.

riP

16-bit, 32-bit, or 64-bit instruction-pointer register. Compare RIP.

RIP
64-bit instruction-pointer register.

RSI
64-bit version of the ESI register.

RSP
64-bit version of the ESP register.

SP
Stack pointer register.

SS
Stack segment register.

TPR

AMD64 Technology

Task priority register, a new register introduced in the AMDG64 architecture to speed interrupt

management.

TR

Task register.
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Endian Order

The x86 and AMD64 architectures address memory using little-endian byte-ordering. Multibyte
values are stored with their least-significant byte at the lowest byte address, and they are illustrated
with their least significant byte at the right side. Strings are illustrated in reverse order, because the
addresses of their bytes increase from right to left.
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1 Instruction Formats

The format of an instruction encodes its operation, as well as the locations of the instruction’s initial
operands and the result of the operation. This section describes the general format and parameters used
by all instructions. For information on the specific format(s) for each instruction, see:

e Chapter 3, “General-Purpose Instruction Reference.”
e Chapter 4, “System Instruction Reference.”

e “128-Bit Media Instruction Reference” in Volume 4.
e “64-Bit Media Instruction Reference” in Volume 5.

e “x87 Floating-Point Instruction Reference” in Volume 5.

1.1 Instruction Byte Order

An instruction can be between one and 15 bytes in length. Figure 1-1 shows the byte order of the
instruction format.

Legacy REX Opcode Displacement Immediate
Prefix Prefix (1 or 2 bytes) ModRM SIB (1, 2, 4, or 8 bytes) (1, 2, 4, or 8 bytes)

T 7 ] 7 — > %7 >

‘ Instruction Length < 15 Bytes |

»le

Figure 1-1. Instruction Byte-Order

Instructions are stored in memory in little-endian order. The least-significant byte of an instruction is
stored at its lowest memory address, as shown in Figure 1-2 on page 2.
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7 0
[ Most-significant Immediate | %
(highest) address mmedine |+
Immediate | *
Immediate | *

Displacement | *
Displacement | *
Displacement | *
Displacement | *

SIB *
<15 Bytes ViodRM .
Opcode *

Opcode (all two-byte opcodes have OFh as their first byte)
REX Prefix | + (available only in 64-bit mode)
Legacy Prefix [+

Legacy Prefix [+
Least-significant tegacy Ere?X + * opti.onal, de_pending_on the_instruction
i (IOWESt) address egacy rrenx g+ + optional, with most instructions

513-304.eps

Figure 1-2. Little-Endian Byte-Order of Instruction Stored in Memory

The basic operation of an instruction is specified by an opcode. The opcode is one or two bytes long, as
described in “Opcode” on page 17. An opcode can be preceded by any number of legacy prefixes.
These prefixes can be classified as belonging to any of the five groups of prefixes described in
“Instruction Prefixes” on page 3. The legacy prefixes modify an instruction’s default address size,
operand size, or segment, or they invoke a special function such as modification of the opcode, atomic
bus-locking, or repetition. The REX prefix can be used in 64-bit mode to access the register extensions
illustrated in “Application-Programming Register Set” in Volume 1. If a REX prefix is used, it must
immediately precede the first opcode byte.

An instruction’s opcode consists of one or two bytes. In several 128-bit and 64-bit media instructions,
a legacy operand-size or repeat prefix byte is used in a special-purpose way to modify the opcode. The
opcode can be followed by a mode-register-memory (ModRM) byte, which further describes the
operation and/or operands. The opcode, or the opcode and ModRM byte, can also be followed by a
scale-index-base (SIB) byte, which describes the scale, index, and base forms of memory addressing.
The ModRM and SIB bytes are described in “ModRM and SIB Bytes” on page 17, but their legacy
functions can be modified by the REX prefix (“Instruction Prefixes” on page 3).

The 15-byte instruction-length limit can only be exceeded by using redundant prefixes. If the limit is
exceeded, a general-protection exception occurs.
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1.2 Instruction Prefixes

The instruction prefixes shown in Figure 1-1 on page 1 are of two types: legacy prefixes and REX
prefixes. Each of the legacy prefixes has a unique byte value. By contrast, the REX prefixes, which
enable use of the AMD64 register extensions in 64-bit mode, are organized as a group of byte values in
which the value of the prefix indicates the combination of register-extension features to be enabled.

1.2.1 Summary of Legacy Prefixes

Table 1-1 on page 4 shows the legacy prefixes—that is, all prefixes except the REX prefixes, which are
described on page 11. The legacy prefixes are organized into five groups, as shown in the left-most
column of Table 1-1. A single instruction should include a maximum of one prefix from each of the
five groups. The legacy prefixes can appear in any order within the position shown in Figure 1-1 for
legacy prefixes. The result of using multiple prefixes from a single group is unpredictable.

Some of the restrictions on legacy prefixes are:

» Operand-Size Override—This prefix affects only general-purpose instructions and a few x87
instructions. When used with 128-bit and 64-bit media instructions, this prefix acts in a special
way to modify the opcode.

» Address-Size Override—This prefix affects only memory operands.
» Segment Override—In 64-bit mode, the CS, DS, ES, and SS segment override prefixes are ignored.
* LOCK Prefix—This prefix is allowed only with certain instructions that modify memory.

* Repeat Prefixes—These prefixes affect only certain string instructions. When used with 128-bit
and 64-bit media instructions, these prefixes act in a special way to modify the opcode.
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Table 1-1. Legacy Instruction Prefixes

. Prefix I
i 1 Mnemonic Description
Prefix Group Byte (Hex) P
. : Changes the default operand size of a memory or
- 2
Operand-Size Override | none 66 register operand, as shown in Table 1-2 on page 5.
Address-Size Override | none 673 Changes t_he default address size of a memory operand,
as shown in Table 1-3 on page 6.
4 Forces use of the current CS segment for memory
CS 2E
operands.
DS 34 Forces use of the current DS segment for memory
operands.
ES o6t Forces use of the current ES segment for memory
. operands.
Segment Override
Forces use of the current FS segment for memory
FS 64
operands.
Forces use of the current GS segment for memory
GS 65
operands.
ss 364 Forces use of the current SS segment for memory
operands.
Lock LOCK F05 _Causes_ certain kinds of memory read-modify-write
instructions to occur atomically.
REP Repeats a string operation (INS, MOVS, OUTS, LODS,
and STOS) until the rCX register equals 0.
REPE or F3% Repeats a compare-string or scan-string operation
Repeat REPZ (CMPSx and SCASXx) until the rCX register equals 0 or
P the zero flag (ZF) is cleared to 0.
REPNE or Repeats a compare-string or scan-string operation
Fob (CMPSx and SCASXx) until the rCX register equals 0 or
REPNZ :
the zero flag (ZF) is set to 1.
Note:

1. A single instruction should include a maximum of one prefix from each of the five groups.

2. When used with 128-bit and 64-bit media instructions, this prefix acts in a special way to modify the opcode. The
prefix is ignored by 64-bit media floating-point (3DNow!™) instructions. See “Instructions that Cannot Use the Oper-
and-Size Prefix” on page 5.

3. This prefix also changes the size of the RCX register when used as an implied count register.

4. In 64-bit mode, the CS, DS, ES, and SS segment overrides are ignored.

5. The LOCK prefix should not be used for instructions other than those listed in “Lock Prefix” on page 8.

6. This prefix should be used only with compare-string and scan-string instructions. When used with 128-bit and 64-
bit media instructions, the prefix acts in a special way to modify the opcode.

1.2.2 Operand-Size Override Prefix

The default operand size for an instruction is determined by a combination of its opcode, the D
(default) bit in the current code-segment descriptor, and the current operating mode, as shown in
Table 1-2. The operand-size override prefix (66h) selects the non-default operand size. The prefix can
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be used with any general-purpose instruction that accesses non-fixed-size operands in memory or
general-purpose registers (GPRs), and it can also be used with the x87 FLDENYV, FNSTENYV,
FNSAVE, and FRSTOR instructions.

In 64-bit mode, the prefix allows mixing of 16-bit, 32-bit, and 64-bit data on an instruction-by-
instruction basis. In compatibility and legacy modes, the prefix allows mixing of 16-bit and 32-bit
operands on an instruction-by-instruction basis.

Table 1-2. Operand-Size Overrides

Default | Effective Instruction Prefix'
Operating Mode Operand Op;;a;nd s6h 3
i i REX.W
Size (Bits) (Bits)
64 don’t care yes
64-Bit 2
Mode 32 32 no no
16 yes no
Long
Mode 39 32 no
Compatibility 16 yes
Mode 32 yes
16
16 no Not Appli-
32 no cable
32
Legacy Mode. 16 yes
(Protected, Virtual-8086,
or Real Mode) 16 32 yes
16 no
Note:
1. A “no’ indicates that the default operand size is used.
2. This is the typical default, although some instructions default to other operand
sizes. See Appendix B, “General-Purpose Instructions in 64-Bit Mode,” for details.
3. See “REX Prefixes” on page 11.

In 64-bit mode, most instructions default to a 32-bit operand size. For these instructions, a REX prefix
(page 13) can specify a 64-bit operand size, and a 66h prefix specifies a 16-bit operand size. The REX
prefix takes precedence over the 66h prefix. However, if an instruction defaults to a 64-bit operand
size, it does not need a REX prefix and it can only be overridden to a 16-bit operand size. It cannot be
overridden to a 32-bit operand size, because there is no 32-bit operand-size override prefix in 64-bit
mode. Two groups of instructions have a default 64-bit operand size in 64-bit mode:

¢ Near branches. For details, see “Near Branches in 64-Bit Mode” in Volume 1.

* All instructions, except far branches, that implicitly reference the RSP. For details, see “Stack
Operation” in Volume 1.

Instructions that Cannot Use the Operand-Size Prefix. The operand-size prefix should be used
only with general-purpose instructions and the x87 FLDENYV, FNSTENYV, FNSAVE, and FRSTOR
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instructions, in which the prefix selects between 16-bit and 32-bit operand size. The prefix is ignored
by all other x87 instructions and by 64-bit media floating-point (3DNow!™) instructions.

When used with 64-bit media integer instructions, the 66h prefix acts in a special way to modify the
opcode. This modification typically causes an access to an XMM register or 128-bit memory operand
and thereby converts the 64-bit media instruction into its comparable 128-bit media instruction. The
result of using an F2h or F3h repeat prefix along with a 66h prefix in 128-bit or 64-bit media
instructions is unpredictable.

Operand-Size and REX Prefixes. The REX operand-size prefix takes precedence over the 66h
prefix. See “REX.W: Operand Width” on page 13 for details.

1.2.3 Address-Size Override Prefix

The default address size for instructions that access non-stack memory is determined by the current
operating mode, as shown in Table 1-3. The address-size override prefix (67h) selects the non-default
address size. Depending on the operating mode, this prefix allows mixing of 16-bit and 32-bit, or of
32-bit and 64-bit addresses, on an instruction-by-instruction basis. The prefix changes the address size
for memory operands. It also changes the size of the RCX register for instructions that use RCX
implicitly.

For instructions that implicitly access the stack segment (SS), the address size for stack accesses is
determined by the D (default) bit in the stack-segment descriptor. In 64-bit mode, the D bit is ignored,
and all stack references have a 64-bit address size. However, if an instruction accesses both stack and
non-stack memory, the address size of the non-stack access is determined as shown in Table 1-3.

Table 1-3. Address-Size Overrides

Address-
Default Effective Size Prefix
Operating Mode Address | Address Size (67h)'
Size (Bits Bits
( ) ( ) Required?
-Bi 64 no
64-Bit 64
Mode 32 yes
32 no
Long Mode 32
Compatibility 16 yes
Mode 32 yes
16
16 no
32 32 no
Legacy Mode_ 16 yes
(Protected, Virtual-8086, or Real
Mode) 32 yes
16
16 no
Note:
1. A “no” indicates that the default address size is used.
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As Table 1-3 shows, the default address size is 64 bits in 64-bit mode. The size can be overridden to 32
bits, but 16-bit addresses are not supported in 64-bit mode. In compatibility and legacy modes, the
default address size is 16 bits or 32 bits, depending on the operating mode (see “Processor
Initialization and Long Mode Activation” in Volume 2 for details). In these modes, the address-size
prefix selects the non-default size, but the 64-bit address size is not available.

Certain instructions reference pointer registers or count registers implicitly, rather than explicitly. In
such instructions, the address-size prefix affects the size of such addressing and count registers, just as
it does when such registers are explicitly referenced. Table 1-4 lists all such instructions and the
registers referenced using the three possible address sizes.

Table 1-4. Pointer and Count Registers and the Address-Size Prefix

Pointer or Count Register
Instruction 16-Bit 32-Bit 64-Bit
Address Size | Address Size | Address Size

CMPS, CMPSB, CMPSW,
CMPSD, CMPSQ—Compare SI, DI, CX | ESI, EDI, ECX | RSI, RDI, RCX
Strings
INS, INS.B’ INSW, INSD— DI, CX EDI, ECX RDI, RCX
Input String
JCXZ, JECXZ, JRCXZ—Jump
on CX/ECX/RCX Zero CX ECX RCX
LODS, LODSB, LODSW,
LODSD, LODSQ—Load Sl, CX ESI, ECX RSI, RCX
String
LOOP, LOOPE, LOOPNZ,
LOOPNE, LOOPZ—Loop CX ECX RCX
MOVS, MOVSB, MOVSW,
MOVSD, MOVSQ—Move SI, DI, CX | ESI, EDI, ECX | RSI, RDI, RCX
String
OUTS, OUTSB, OUTSW,
OUTSD—Output String SlI, CX ESI, ECX RSI, RCX
REP, REPE, REPNE, REPNZ,
REPZ—Repeat Prefixes CX ECX RCX
SCAS, SCASB, SCASW,
SCASD, SCASQ—Scan DI, CX EDI, ECX RDI, RCX
String
STOS, STOSB, STOSW,
STOSD, STOSQ—Store DI, CX EDI, ECX RDI, RCX
String
XLAT, X.LATB—TabIe Look-up BX EBX RBX
Translation
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1.2.4 Segment-Override Prefixes

Segment overrides can be used only with instructions that reference non-stack memory. Most
instructions that reference memory are encoded with a ModRM byte (page 17). The default segment
for such memory-referencing instructions is implied by the base register indicated in its ModRM byte,
as follows:

» Instructions that Reference a Non-Stack Segment—If an instruction encoding references any base
register other than rBP or rSP, or if an instruction contains an immediate offset, the default segment
is the data segment (DS). These instructions can use the segment-override prefix to select one of
the non-default segments, as shown in Table 1-5.

e String Instructions—String instructions reference two memory operands. By default, they
reference both the DS and ES segments (DS:rSI and ES:rDI). These instructions can override their
DS-segment reference, as shown in Table 1-5, but they cannot override their ES-segment
reference.

* Instructions that Reference the Stack Segment—If an instruction’s encoding references the rBP or
rSP base register, the default segment is the stack segment (SS). All instructions that reference the
stack (push, pop, call, interrupt, return from interrupt) use SS by default. These instructions cannot
use the segment-override prefix.

Table 1-5. Segment-Override Prefixes

Mnemonic Pre(f;z)?)yte Description
cs’ 2E Forces use of current CS segment for memory operands.
DS' 3E Forces use of current DS segment for memory operands.
ES’ 26 Forces use of current ES segment for memory operands.
FS 64 Forces use of current FS segment for memory operands.
GS 65 Forces use of current GS segment for memory operands.
SS! 36 Forces use of current SS segment for memory operands.
Note:
1. In 64-bit mode, the CS, DS, ES, and SS segment overrides are ignored.

Segment Overrides in 64-Bit Mode. In 64-bit mode, the CS, DS, ES, and SS segment-override
prefixes have no effect. These four prefixes are not treated as segment-override prefixes for the
purposes of multiple-prefix rules. Instead, they are treated as null prefixes.

The FS and GS segment-override prefixes are treated as true segment-override prefixes in 64-bit mode.
Use of the FS or GS prefix causes their respective segment bases to be added to the effective address
calculation. See “FS and GS Registers in 64-Bit Mode” in Volume 2 for details.

1.2.5 Lock Prefix

The LOCK prefix causes certain kinds of memory read-modify-write instructions to occur atomically.
The mechanism for doing so is implementation-dependent (for example, the mechanism may involve
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bus signaling or packet messaging between the processor and a memory controller). The prefix is
intended to give the processor exclusive use of shared memory in a multiprocessor system.

The LOCK prefix can only be used with forms of the following instructions that write a memory
operand: ADC, ADD, AND, BTC, BTR, BTS, CMPXCHG, CMPXCHGS8B, CMPXCHG16B, DEC,
INC, NEG, NOT, OR, SBB, SUB, XADD, XCHG, and XOR. An invalid-opcode exception occurs if
the LOCK prefix is used with any other instruction.

1.2.6 Repeat Prefixes

The repeat prefixes cause repetition of certain instructions that load, store, move, input, or output
strings. The prefixes should only be used with such string instructions. Two pairs of repeat prefixes,
REPE/REPZ and REPNE/REPNZ, perform the same repeat functions for certain compare-string and
scan-string instructions. The repeat function uses rCX as a count register. The size of rCX is based on
address size, as shown in Table 1-4 on page 7.

REP. The REP prefix repeats its associated string instruction the number of times specified in the
counter register (rCX). It terminates the repetition when the value in rCX reaches 0. The prefix can be
used with the INS, LODS, MOVS, OUTS, and STOS instructions. Table 1-6 shows the valid REP
prefix opcodes.

Table 1-6. REP Prefix Opcodes

Mnemonic Opcode

REP INS reg/mem8, DX
REP INSB

REP INS reg/mem16/32, DX
REP INSW F3 6D
REP INSD

REP LODS mem8
REP LODSB

REP LODS mem16/32/64
REP LODSW

REP LODSD

REP LODSQ

REP MOVS mem8, mem8
REP MOVSB

REP MOVS mem16/32/64, mem16/32/64
REP MOVSW

REP MOVSD

REP MOVSQ

REP OUTS DX, reg/mem8
REP OUTSB

F36C

F3 AC

F3 AD

F3 A4

F3 A5

F3 6E
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Table 1-6. REP Prefix Opcodes (continued)

Mnemonic Opcode

REP OUTS DX, reg/mem16/32
REP OUTSW F3 6F
REP OUTSD

REP STOS mem8

REP STOSB

REP STOS mem16/32/64
REP STOSW

REP STOSD

REP STOSQ

F3 AA

F3 AB

REPE and REPZ. REPE and REPZ are synonyms and have identical opcodes. These prefixes repeat
their associated string instruction the number of times specified in the counter register (rCX). The
repetition terminates when the value in rCX reaches 0 or when the zero flag (ZF) is cleared to 0. The
REPE and REPZ prefixes can be used with the CMPS, CMPSB, CMPSD, CMPSW, SCAS, SCASB,
SCASD, and SCASW instructions. Table 1-7 shows the valid REPE and REPZ prefix opcodes.

Table 1-7. REPE and REPZ Prefix Opcodes

Mnemonic Opcode

REPx CMPS mem8, mem8
REPx CMPSB

REPx CMPS mem16/32/64, mem16/32/64
REPx CMPSW

REPx CMPSD

REPx CMPSQ

REPx SCAS mem8

REPx SCASB

REPx SCAS mem16/32/64

REPx SCASW

REPx SCASD

REPx SCASQ

F3 A6

F3 A7

F3 AE

F3 AF

REPNE and REPNZ. REPNE and REPNZ are synonyms and have identical opcodes. These prefixes
repeat their associated string instruction the number of times specified in the counter register (rCX).
The repetition terminates when the value in rCX reaches 0 or when the zero flag (ZF) is set to 1. The
REPNE and REPNZ prefixes can be used with the CMPS, CMPSB, CMPSD, CMPSW, SCAS,
SCASB, SCASD, and SCASW instructions. Table 1-8 on page 11 shows the valid REPNE and
REPNZ prefix opcodes.
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Table 1-8. REPNE and REPNZ Prefix Opcodes

Mnemonic Opcode

REPNx CMPS mem8, mem8
REPNx CMPSB

REPNx CMPS mem16/32/64, mem16/32/64
REPNx CMPSW
REPNx CMPSD
REPNx CMPSQ

REPNx SCAS mem8
REPNx SCASB

REPNx SCAS mem16/32/64
REPNx SCASW
REPNx SCASD
REPNx SCASQ

F2 A6

F2 A7

F2 AE

F2 AF

Instructions that Cannot Use Repeat Prefixes. In general, the repeat prefixes should only be used
in the string instructions listed in tables 1-6, 1-7, and 1-8, and in 128-bit or 64-bit media instructions.
When used in media instructions, the F2h and F3h prefixes act in a special way to modify the opcode
rather than cause a repeat operation. The result of using a 66h operand-size prefix along with an F2h or
F3h prefix in 128-bit or 64-bit media instructions is unpredictable.

Optimization of Repeats. Depending on the hardware implementation, the repeat prefixes can have a
setup overhead. If the repeated count is variable, the overhead can sometimes be avoided by substituting
a simple loop to move or store the data. Repeated string instructions can be expanded into equivalent
sequences of inline loads and stores or a sequence of stores can be used to emulate a REP STOS.

For repeated string moves, performance can be maximized by moving the largest possible operand
size. For example, use REP MOVSD rather than REP MOVSW and REP MOVSW rather than REP
MOVSB. Use REP STOSD rather than REP STOSW and REP STOSW rather than REP MOVSB.

Depending on the hardware implementation, string moves with the direction flag (DF) cleared to 0
(up) may be faster than string moves with DF set to 1 (down). DF =1 is only needed for certain cases
of overlapping REP MOVS, such as when the source and the destination overlap.

1.2.7 REX Prefixes

REX prefixes are a group of instruction-prefix bytes that can be used only in 64-bit mode. They enable
access to the AMD64 register extensions. Figure 1-1 on page 1 and Figure 1-2 on page 2 show how a
REX prefix fits within the byte order of instructions. REX prefixes enable the following features in 64-
bit mode:

* Use of the extended GPR (Figure 2-3 on page 25) or XMM registers (Figure 2-8 on page 30).
* Use of the 64-bit operand size when accessing GPRs.
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* Use of the extended control and debug registers, as described in “64-Bit-Mode Extended Control
Registers” in Volume 2 and “64-Bit-Mode Extended Debug Registers” in Volume 2.

e Use of the uniform byte registers (AL-R15).

Table 1-9 shows the REX prefixes. The value of a REX prefix is in the range 40h through 4Fh,
depending on the particular combination of AMD64 register extensions desired.

Table 1-9. REX Instruction Prefixes

. . Prefix Code i
Prefix Type Mnemonic (Hex) Description
REX.W
40! ,
. . REX.R Access an AMD64 register
Register Extensions through .
REX.X 4F extension.
REX.B
Note:
1. See Table 1-11 for encoding of REX prefixes.

A REX prefix is normally required with an instruction that accesses a 64-bit GPR or one of the
extended GPR or XMM registers. Only a few instructions have an operand size that defaults to (or is
fixed at) 64 bits in 64-bit mode, and thus do not need a REX prefix. These exceptions to the normal

rule are listed in Table 1-10.

Table 1-10. Instructions Not Requiring REX Size Prefix in 64-Bit Mode
CALL (Near) POP reg/mem
ENTER POP reg

Jec POP FS

JrCXz POP GS

JMP (Near) POPFQ

LEAVE PUSH imm8
LGDT PUSH imm32
LIDT PUSH reg/mem
LLDT PUSH reg
LOOP PUSH FS
LOOPcc PUSH GS

LTR PUSHFQ

MOV CR(n) RET (Near)
MOV DR(n)

An instruction can have only one REX prefix, although the prefix can express several extension
features. If a REX prefix is used, it must immediately precede the first opcode byte in the instruction
format. Any other placement of a REX prefix, or any use of a REX prefix in an instruction that does
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not access an extended register, is ignored. The legacy instruction-size limit of 15 bytes still applies to
instructions that contain a REX prefix.

REX prefixes are a set of sixteen values that span one row of the main opcode map and occupy entries
40h through 4Fh. Table 1-11 and Figure 1-3 on page 15 show the prefix fields and their uses.

Table 1-11. REX Prefix-Byte Fields

Mnemonic Bit Position Definition
— 7-4 0100
0 = Default operand size

REX-W 3 1 = 64-bit operand size
1-bit (high) extension of the ModRM reg
REX.R 2 field', thus permitting access to 16
registers.
REX X 1 1-bit (high) extension of the SIB index field,

thus permitting access to 16 registers.
1-bit (high) extension of the ModRM r/m

REX.B 0 field', SIB base field', or opcode reg field,
thus permitting access to 16 registers.

Note:

1. For a description of the ModRM and SIB bytes, see “ModRM and SIB Bytes” on
page 17.

REX.W: Operand Width. Setting the REX.W bit to 1 specifies a 64-bit operand size. Like the
existing 66h operand-size prefix, the REX 64-bit operand-size override has no effect on byte
operations. For non-byte operations, the REX operand-size override takes precedence over the 66h
prefix. If a 66h prefix is used together with a REX prefix that has the REX.W bit set to 1, the 66h
prefix is ignored. However, if a 66h prefix is used together with a REX prefix that has the REX.W bit
cleared to 0, the 66h prefix is not ignored and the operand size becomes 16 bits.

REX.R: Register. The REX.R bit adds a 1-bit (high) extension to the ModRM reg field (page 17)
when that field encodes a GPR, XMM, control, or debug register. REX.R does not modify ModRM reg
when that field specifies other registers or opcodes. REX.R is ignored in such cases.

REX.X: Index. The REX.X bit adds a 1-bit (high) extension to the SIB index field (page 17).

REX.B: Base. The REX.B bit adds a 1-bit (high) extension to either the ModRM r/m field to specify
a GPR or XMM register, or to the SIB base field to specify a GPR. (See Table 2-2 on page 40 for more
about the REX.B bit.)

Encoding Examples. Figure 1-3 on page 15 shows four examples of how the R, X, and B bits of
REX prefixes are concatenated with fields from the ModRM byte, SIB byte, and opcode to specify
register and memory addressing. The R, X, and B bits are described in Table 1-11 on page 13.
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Byte-Register Addressing. In the legacy architecture, the byte registers (AH, AL, BH, BL, CH, CL,
DH, and DL, shown in Figure 2-2 on page 24) are encoded in the ModRM reg or r/m field or in the
opcode reg field as registers O through 7. The REX prefix provides an additional byte-register
addressing capability that makes the least-significant byte of any GPR available for byte operations
(Figure 2-3 on page 25). This provides a uniform set of byte, word, doubleword, and quadword
registers better suited for register allocation by compilers.

Special Encodings for Registers. Readers who need to know the details of instruction encodings
should be aware that certain combinations of the ModRM and SIB fields have special meaning for
register encodings. For some of these combinations, the instruction fields expanded by the REX prefix
are not decoded (treated as don’t cares), thereby creating aliases of these encodings in the extended
registers. Table 1-12 on page 16 describes how each of these cases behaves.

Implications for INC and DEC Instructions. The REX prefix values are taken from the 16 single-
byte INC and DEC instructions, one for each of the eight GPRs. Therefore, these single-byte opcodes
for INC and DEC are not available in 64-bit mode, although they are available in legacy and
compatibility modes. The functionality of these INC and DEC instructions is still available in 64-bit
mode, however, using the ModRM forms of those instructions (opcodes FF /0 and FF /1).
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Case 1: Register-Register Addressing (No Memory Operand)

ModRM Byte
REX Prefix Opcode mod reg r/m
4WRx8 | | | [11]rrr|bbb]  REXXisnotused
|
4
4
Rrrr Bbbb

Case 2: Memory Addressing Without an SIB Byte

ModRM Byte
REX Prefix Opcode mod reg r/m
4WRXB ' rrr[obb]  REXXis notused
| I | I | | | I ModRM reg field = 100
4
4
Rrrr Bbbb

Case 3: Memory Addressing With an SIB Byte

ModRM Byte SIB Byte
REX Prefix Opcode mod reg r/m  scale index base
4WRXB | | [!11 rrre|100] [bb|xxx]|bbb |
|
4 14
4
Rrrr Xxxx Bbbb

Case 4: Register Operand Coded in Opcode Byte

Opcode Byte
REX Prefix op reg
4WRXB | [ bbb | REXRis not used
| REXXis not used
4
Bbbb 513-302.6ps

Figure 1-3. Encoding Examples of REX-Prefix R, X, and B Bits
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Table 1-12. Special REX Encodings for Registers

ModRM and SIB

Meaning in Legacy and

Implications in Legacy
and Compatibility

Additional REX

e r/m' =100 (ESP)

SIB byte is present.

. 2 I . =
Encodings Compatibility Modes Modes Implications
REX prefix adds a fourth
. bit (b), which is decoded
ModRM Byte: . . and modifies the base
e mod =11 SIB byte is required for

ESP-based addressing.

register in the SIB byte.
Therefore, the SIB byte is
also required for R12-
based addressing.

ModRM Byte:
* mod =00

e r/m' =x101 (EBP)

Base register is not used.

Using EBP without a
displacement must be
done by setting mod = 01
with a displacement of 0
(with or without an index
register).

REX prefix adds a fourth
bit (x), which is not
decoded (don’t care).
Therefore, using RBP or
R13 without a
displacement must be
done via mod = 01 with a
displacement of 0.

SIB Byte:
« index' = x100 (ESP)

Index register is not used.

ESP cannot be used as
an index register.

REX prefix adds a fourth
bit (x), which is decoded.
Therefore, there are no
additional implications.
The expanded index field
is used to distinguish RSP
from R12, allowing R12 to
be used as an index.

SIB Byte:
* base =b101 (EBP)
* ModRM.mod = 00

Base register is not used
if ModRM.mod = 00.

Base register depends on
mod encoding. Using
EBP with a scaled index
and without a
displacement must be
done by setting mod = 01
with a displacement of 0.

REX prefix adds a fourth
bit (b), which is not
decoded (don’t care).
Therefore, using RBP or
R13 without a
displacement must be
done via mod = 01 with a
displacement of 0 (with or
without an index register).

Note:

1. The REX-prefix bit is shown in the fourth (most-significant) bit position of the encodings for the ModRM r/m, SIB
index, and SIB base fields. The lower-case “x” for ModRM r/m (rather than the upper-case “B” shown in Figure 1-3
on page 15) indicates that the REX-prefix bit is not decoded (don’t care).

2. For a description of the ModRM and SIB bytes, see “ModRM and SIB Bytes” on page 17.

16

Instruction Formats



AMDZ\
24594—Rev. 3.14—September 2007 AMDG64 Technology

1.3 Opcode

Each instruction has a unique opcode, although assemblers can support multiple mnemonics for a
single instruction opcode. The opcode specifies the operation that the instruction performs and, in
certain cases, the kinds of operands it uses. An opcode consists of one or two bytes, but certain 128-bit
media instructions also use a prefix byte in a special way to modify the opcode. The 3-bit reg field of
the ModRM byte (“ModRM and SIB Bytes” on page 17) is also used in certain instructions either for
three additional opcode bits or for a register specification.

128-Bit and 64-Bit Media Instruction Opcodes. Many 128-bit and 64-bit media instructions
include a 66h, F2h, or F3h prefix byte in a special way to modify the opcode. These same byte values
can be used in certain general-purpose and x87 instructions to modify operand size (66h) or repeat the
operation (F2h, F3h). In 128-bit and 64-bit media instructions, however, such prefix bytes modify the
opcode. If a 128-bit or 64-bit media instruction uses one of these three prefixes, and also includes any
other prefix in the 66h, F2h, and F3h group, the result is unpredictable.

All opcodes for 64-bit media instructions begin with a OFh byte. In the case of 64-bit floating-point
(3DNow!) instructions, the OFh byte is followed by a second OFh opcode byte. A third opcode byte
occupies the same position at the end of a 3DNow! instruction as would an immediate byte. The value
of the imme